o 


N95- 23900 





SURFACE CHARACTERIZATION OF LDEF 
CARBON FIBER/POLYMER MATRIX COMPOSITES 


Holly L. Grammer and James P. Wiehtman 
Virginia Polytechnic Institute and State University 
Department of Chemistry 
Blacksburg, VA 24061 
Phone: 703/231-5854, Fax: 703/231-3971 





iof 


Philip R. Young and Wayne S. Slemp 
NASA Langley Research Center 
Mail Stop 226 
Hampton, VA 23665-5225 
Phone: 804/864-4265, Fax: 804/864-8312 


SUMMARY 


photoelectron spectroscopy) and SEM (scanning electron microscopy) analysis of 
both carbon fiber/epoxy matrix and carbon fiber/polysulfone matrix composites revealed significant 
changes in me surface composition as a result of exposure to low-Earth orbit. The carbon Is curve fit 
XP6 analysis in conjunction with the SEM photomicrographs revealed significant erosion of the 
polymer matrix resins by atomic oxygen to expose the carbon fibers of the composite samples. This 

erosion effect on the composites was seen after 10 months in orbit and was even more obvious after 69 
months. 


INTRODUCTION 


i nuc ° nC ° f - the of the MSIG (Materials Special Investigation Group) is the detailed analysis of 
LDEF composites. Stein presented a summary of the findings of the LDEF materials studies on 
polymer-matrix composites and noted that atomic oxygen causes surface degradation of uncoated 
composites but that thin inorganic coatings prevent atomic oxygen erosion [1]. George and Hill r21 
usm| SEM reported a similar highly eroded topography for both epoxy matrix and polysulfone 
matnx/carbon fiber composites due to reaction with atomic oxygen. A lack of resin on the exposed 
( eading edge) surfaces was determined by infrared spectroscopy. Sulfur present in the curing agent of 
the epoxy resin and sulfur in the polysulfone backbone was presumed to react with atomic oxygen to 
produce sulfate species on the exposed surfaces of both composites. 

.. Measured decreases in the thickness of epoxy and polysulfone matrix/carbon fiber composites on 

SfJjS 1 ! 8 ^ 86 haVC 5^ ^ported by Slemp et al.[3] in the range of 75 - 1 15 mm. Whitaker et al. [4] 
noted that the measured thickness decrease for the polysulfone matrix (1 10 mm) was about 50% greater 
than for the epoxy matrix (70 mm). It was also noted that erosion due to atomic oxygen was much 
^eater for the matrix resin than for the carbon fibers. A detailed XPS study of poly(arylacetylene) 

c rP° S c lte ^ 0n the leadin § edge has been reported by Mallon et al. [5]. The presence 
of inorganic silicon at 103.5 eV was noted on the exposed surface. F 


The objective of the present work was to document changes in the surface chemistry of 
composite samples taken from LDEF. Surface characterization results obtained using x-ray 
photoelectron spectroscopy (XPS) and scanning electron microscopy (SEM) are reported. These results 
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are a part of a larger study [61 where surface eh^riratiou techniques were used to examine polymer 
films and aluminum tray clamps taken from LDbK 

EXPERIMENTAL 


at 


Materials 

An epoxy matrix composite (? f 34 /T300) and a Carbide, 
were studied. The epoxy and polysulfone ma x ■ , , y nion (^bide and Celanese, resp. A 

resp. The T300 and C6000 carbon fibers w P mon ths of each composite were studied. The 

mg^rw^Sonfa? B, Row 9 

«■«* — " 

to NAsTS^ey Research Center in a low hunudity envtronment 

Procedures 

Extreme cam was used when pmp^g*^^ 
free nylon white gloves from Fisher Sciendfic Comp y e s from Fisher Scientific, to 

sees 

Freptotoif^'tlm^composl^ for^PS^md^EM ^talj^is samples using an 

Exacto-knife. Typical sample dimens, ons were 13 mm x 13 mm. 

Analysis Techniques 

XPS (x-ray photoelectron spectroscopy) analysis was Pj**®?*™ i^^flskev'Std^O 
spectrometer with a magnesium t Kat “^ 0 ^ s ^^ ometer * a s calibrated to the 4f7/2 photopeak of 
watts with an emission current of 30 mA. P software version 3.0. Curve fitting was 

gold. Atomic concentrations were determined using [ ^^e fitted with Gaussian curves. The 

carried out by using PHI functionality present, were assigned using known 

peak positions, indicative of the type . . w held at a constant value and were referenced to the 
literature values [7]. The various peak .posmons were “nstot ^ a( 285 0 V . The 

was held constanta. 1.70 eV. Curve fi, photopeaks 
contributing less than 5% to the total carbon content were neglected. 

SEM (scanning election microscopy) photormcrognpht 
“lm". AU^lel wem 8 JuS fm approximamly two ti, tinee mdnums with gold to 
reduce charging. 

RESULTS/DISCUSSION 

The surface analysis results for the two composites are discussed separately. 
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934/T300 Epoxy Composite 


Atomic Composition 

shown °f the control, 10- and 69-month flight samples are 

snown in table I. Elemental photopeaks are listed m the first column followed by the binding energy fin 

eV) and atomic concenfrahon (in %) for each element Carbon, oxygen, and ni trogen are e^ectS for ( 
an epoxy composite which has a resin-nch surface. For example, the XPS composition of a ? B ASF 

riiL C hi? P0Slte haS bee, I d ® termined W to be 67.5% carbon, 14.2% oxygen, aJid 2.2% nitrogen in 
" 1C agrC f me ?i Wlth the P resent results for the control sample. The organo-fluorine photopeak at 
S?nt % c ? m P° f slte surfa <* most likely resulted from the transfer of a fluK^ 

agent used in the fabrication of the composite. Moyer and Wightman [9] reported a 30% oreano- 

? Carb ° n ?ber/polyiinide composite. It is noted that the control sample 
3,5 \ 1% sdlC0 , n characteristic of inorganic silicon at 103.2eV but the source is not identified The P 
r^rt^ 0Unt i S of sodlum (2.0%) and sulfur (1.1%) are not identified although Mallon et al [5l'have 
reported similar concentrations of minor contaminants on carbon fiber/polymer matrix composites. 

the control wS 1 the f”* 0 ® composition of the 10- and 69-month samples parallels that of 

the same for the three sa P ^ Car 10 he a surprising result The O/C atomic ratios were essentially 
the same for the three samples. However, some significant changes were observed The loss of organo- 

fluonne was obvious for the two flight samples compared to the control ItTasswned tod exooSn 

f npp 0Xy ?" r esu !“ i" thc formati °n of volatile fluorine-containing species. SUicon conSation of 

conSLT?£? %£?$ ?’ 0rKd 111 ? is onl ? nottd that '"<= 69-monthsample h “te h“sUtcof 
nroS (6 : 3%) * a bl " din f ener gy characteristic of inorgano-silicon. It is well established that 

contact materids^? 8 SUbjeCted t0 3t0mic oxygen 316 converted to inorgano-silicon 

Curve Fit Analysis 

T be results of the curve fit analysis for the three samples are summarized in Table II Significant 
H S “5 ° bserved “ ** carbon ls cu ™ fi t region for toe three samples showing differem 
envelop aS - WdI &S dlfferen t types of carbon functionality under the carbon ls 

nf purhL' the : atomic compositions of the three samples were similar (see Table I) the types 

of carbon .functionality for each sample are veiy different. These results reinforce the necessity of 

Phctopeaks obtained in XPS measurements. Information obS from pr St fitting 
procedures is useful and cntical in describing the surface chemistry of materials P 8 

ohotone?^^ Ph °? pe ^ °l con f 01 sam P Ie reveded a resin rich surface. The carbon ls 
photopeak (C2) corresponding to hydrocarbon functiondity accounted for 55 7% of the totd carbon 
The carbon-oxygen functionality (peaks C3, C4 and C5) accounted far 38^0% of the ScS-bo^ 

A dramatic shift in the curve fit andysis is seen for the 10- and 69-month flight samples In both 

(C1) f S 6ared u ith a binding ener 8y of: 283.7 eV assigned t 0 P a graphitic^ 

nil 

moiteof'SPuS' inX I E^h'S n,flCam er0SI °" ° f eP ° Xy occu,Ied within the ««» Kn 

nn thr* JS de 8re dad °n/erosion of polymer matrix composite samples flown on the LDEF particularly 
on the leading edge, has been discussed previously [1 1]. Here, atomic oxygen reaction results in Y 
po ymer bond breaking and subsequent molecular fragmentation leading to erosion of the materids. 
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SEM Photomicrographs 
from the XPS curve fit analysis. 

The SEM photomicrograph of the control sample (see ofthe carbon fibers 

lefXn the scrim cloth used in the consolidation of the 

composite. 

-me SEM photomicrograph of .the > 10-month 

the matrix resin. The curve fit andysis tof for the 10-month 
Si^^te^e JSSi resin since dt^phore^^so^^te s^e. 

carbon signal, was absent in the control sample. 

The SEM photomicrograph of the 

continued erosion of the matrix resin. e - LD gp yn xh e carbon Is curve fit analysis for the 

s ta afc tsisas ” 

ctffve fit analysis for the control, 10- and 69-month flight samp . 

The SEM photomicrographs and the curve fit an ^‘?. s ^E^^ e d jS^don , for the remaining 
epoxy matrix within the first 10 months of the nussion “ ^ 3 ®^1 atoms/cm 2 „„ Ro w 

59 months. Tennyson 1131 reported that a " a '°"“ fibers. The epoxy 

12 was sufficient to erode the epoxy layer and a P°rnon of tho rernl 8SJP LD E F where the 

samples diseased in die present So^oxygen fluence for Row 9 

of die matrix to expose the carbon fibers as seen in Figure . 


P1700/C6000 Polysulfone Composite 


Atomic Composition 

The XPS results for the surface c ?^?t??exi^tSfOT a ^y^onecZ^site wlridi P tS? 
shown in Table El. Carbon, oxygen, and p 0 , ' Xne film has been determined [14) to 

resin-rich surface. For example, the XP P , « concentrations of carbon and sulfur are in 

be 82% carbon, 15% oxygen, and 3.0% s f « "* 0 "^ *^S“Sd«ably lower than expected 

sotnceiS^^ 
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ctnZSS concentrations of minor 

ton, thatofr^ofsam^Thfcf/r ° f the I°-. and 69 - momh ^rs significantly 

0.36 (10 month) to 2 08 (M mr>nthc\ - u atormc concentration ratio mcreases from 0. 19 (control) to 
composite Sroe if/ ??n S" S) , m Sharp C0 1 ntrast t0 ** constancy of the same ratio for the epoxy 

sUiSp pSoSS W a " d S ‘ bCOn C0MentS as weU as the shift *" ^ binding energy of the 
to the value of 3 to ^f^!? “ a ,5 igher co "“” tra l ion than for the control and closer 

confiol^T^"^ and - absence in the 

^d°ffff Ss 


Curve Fit Analysis 


ine 


curve fiUn^^ofAe^ntto^mnle »°o f *' con tol and two flight samples is shown in Table IV. 71 

oSdn 9 ^ 

^^oblaA^fo^the epo^com^^^ ^a^b^whl? aomic y be 

»rSSS^3iS" 

drawn tom thisresulr COmpared ,0 °" ly 9% for <b e <=P M V “mposue. No definitive conclusion is 


605 



ACKNOWLEDGEMENTS 


The autos (H. L. G. and J. P. W.) acknowledge the support of this research under NASA Grant 
NAG-1-1186. 


REFERENCES 


(Arlene S. Levine, editor), Part 2, 1991, p.l 1 15. 

&7o!^ 

Conference Publication 3134 (Arlene S. Levine, editor). Part 2. 1991, p.m* 

[4, A. AG^7'l^I^LDEF^69°Mwdis i'^Space^NAsX °° C ' ' ^ 

L 5 U^o1i°e n Spa« En^ironmenGinU^F^^LC^^9 MOTths^n S[M^ NAS A Conference 
Publication 3194 (Arlene S. Levine, editor). Part 3, 1992, p.963. 

[6] Grammer, H. L.: Surface Characterization of LDEF Materials. M. S. Thesis, Virginia Polytechnic 
Institute and State University, Blacksburg, VA, 1993. 

[7] High Resolution XPS of Organic Polymers, G. Beamson and D. Bnggs, ed., p.277, John Wiley & 
Sons, Chichester (1992). 


Prandy 


Sons, v_nicnesici yiyzn-j- 

[8] Chin, J. W. and Wightman, J Pr Surface £ l£ 

^SSS^lpMa, PA, in-press. 

[91 Moyer. D. J. D. and Wightman, J. P.: Charactenranon of Sirfa ? Itoeaunents of Carbon Fiber- 
Polyimide Matrix Composites. Surface & Interface Analysi s. 1_» 

[10] Handbook of X-ray Photoelectron Spectroscopy, G. E. Muilenberg, ed., p. 38, Perkin-Elmer Corp., 
Eden Prarie, MN (1979). 

l A Ip^NASA Conference 

Publication 3194 (Arlene S. Levme, editor), Part 3, 1992, p.923. 

[12] Commercon, P. and Wightman I. P. : teOWtato of Plasma Treated Carbon Fibers 
and Adhesion to a Thermoplastic Polymer. J, Atom 2&» 55 (1992). 


606 


[13] Tennyson, R. C.: Additional Results on Space Environmental Effects on Polvmer Matrix 

^l^^Bland A X St^and PhmnR In Y LDEF Maer j als ^^shop^l^NA^Conference^fWication 
° ’ t*>iana a. item and Philip R. Young, compilers). Part 2, 1992, p. 593. 

J* AdS^ i 21 n lghlman - J ■ R: 1116 Adhesive of Steel with Polysulfone. 

PoWtS re l&VbiwS™" vi™ f ?U ? a f e Tl J a ‘ m f n « for Improved Adhesion to Thermoplastic 
1987. Fh ‘°' Dlssertatlon ’ Vir § inia Polytechnic Institute and State University, Blacksburg, VA, 


607 




FIGURE I: SEM PHOTOMICROGRAPHS OF 934/1300 EPOXY COMPOSITE SAMPLES 
(A) CONTROL (B) 10 MONTH (C) 69 MONTH. 
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TABLE I: XPS ANALYSIS OF 934/T300 EPOXY COMPOSITES 


CONTROL 


PHOTOPEAK 

C Is 
O Is 
N Is 
F Is 
Si 2p 
Na Is 
S 2p 


BINDING ENERGYfrAA 

285.0 

532.6 

399.9 

689.3 
103.2 

1072.2 

168.4 


ATOMIC CONCrca 

68.8 

18.1 

3.4 

5.5 
1.1 
2.0 
1.1 


10 MONTH 


PHOTOPEAK 

C Is 
O Is 
N Is 
F Is 
Si 2p 
Na Is 
S2p 


BINDING F.NFRGY{ P V) 

285.0 

531.9 

399.6 
688.2 

103.7 
1071.9 

168.4 


ATOMIC CON 

73.3 

18.7 

5.5 

0.2 

0.8 

0.5 

0.8 


69 MONTH 

PHOTOPEAK 

C Is 
O Is 
N Is 
F Is 
Si 2p 
Na Is 
S 2p 


BINDING BNERGYfcYt 

285.0 
533.3 
400.6 
nsp* 

104.0 
nsp 

170.0 


ATOMIC CON C/%) 

72.0 

19.6 

0.8 

6.3 

0.8 


*nsp-no significant peak 
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TABLE II: CARBON Is CURVE FIT 


ANALYSIS OF 934/T300 EPOXY COMPOSITES 


CONTROL 

PHOTOPEAK 

C2 

C3 

C4 

C5 


RINnTNG p .NF.RGYfeVl 

285.0 

286.3 
287.8 

289.4 


% AREA 

55.7 

25.0 

7.8 

5.2 


P AR RON TYPE 


Q- H 
Q - o 
0 = O 
0-£=0 


10 MONTH 
PHOTOPEAK 

Cl 

C2 

C3 

C4 


69 MONTH 
PHOTOPEAK 

Cl 

C2 

C3 


rinding FNERGYIeVl 

% AREA 

PAR RON TYPE 

283.6 

46.4 

graphitic 

285.0 

30.8 

£-H 

286.6 

11.8 

£-0 

288.1 

7.3 

Q = O 


RINDING ENERGYfeYl 

% AREA 

PAR RON TYPE 

283.9 

49.8 

graphitic 

285.0 

38.9 

C-H 

286.4 

8.6 

C-0 
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TABLE III: XPS ANALYSIS OF P1700/C6000 POLYSULFONE COMPOSITES 


CONTROL 


PHOTOPEAK 

C Is 
O Is 
S 2p 
F Is 
A1 2p 
Ca 2p 
Si 2p 


BINDING ENERGYC-Vi 

285.0 

532.1 

167.9 

688.9 
74.7 

347.6,351.1 

102.4 


ATOMIC CONCC/^ 

76.9 

14.5 

0.4 

4.1 
1.6 
1.3 

1.2 


10 MONTH 


PHOTOPEAK 

C Is 
O Is 
S 2p 
Si 2p 
A1 2p 
Na Is 
N Is 


BINDING ENFRCY^V) 

285.0 

531.2 
168.4 

102.0 
73.8 

1071.3 

398.2 


ATOMIC CONCf°/ ft ) 

67.0 

24.5 

2.4 

2.3 

1.9 

0.8 

1.1 


69 MONTH 


PHOTOPEAK 

C Is 
O Is 
S 2p 
Si Is 
N Is 
Ca 2p 


BINDING ENF.RGY^V) 

285.0 

533.1 

169.6 

103.7 
400.6 

348.5, 352.0 


ATOMIC CDNCP4> 

25.0 

51.9 

2.9 

17.3 

1.2 

0.1 
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TABLE IV: CARBON Is CURVE FIT ANALYSIS OF P1700/C6000 
POLYSULFONE COMPOSITES 


CONTROL 




photopeak 

C 2 
C 3 

RrxinrNr, FNERGYteVl 

285.0 

288.9 

% AREA 

90.8 

2.8 

PARBON TYPE 

£- H 
0-Q=0 

10 MONTH 




PHOTOPEAK 

C 1 
C 2 
C 3 

BMfl F.NF.RGYieVl 

283.5 

285.0 

286.1 

% AREA 

53.3 

27.1 

12.2 

PAR BON TYPE 
graphitic 

Q- H 
£-0 

69 MONTH 




PHOTOPEAK 

C 1 
C 2 
C 3 
C 4 
C 5 

RINDING ENERGY (eVl 

ATOMIC CONa%) 

PARBON TYPE 

283.6 

285.0 

286.6 

288.0 
289.5 

22.4 

18.6 

33.3 

12.4 
4.7 

graphitic 

£-H 

£-0 

£=0 

0-£=0 
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